The rising prevalence of overweight and obesity and their health implications is a major public health concern worldwide. This study set out to understand the relationship between the number of hours spent watching television and Body Mass Index (BMI) in the Kingdom of Saudi Arabia using data from the Saudi Health Interview Survey.
Results
The findings showed that prolonged television viewing is associated with larger BMI values. Additionally, the relationship was found to be greater towards the lower and upper tails of the BMI range and insignificant in the middle of the BMI distribution. Furthermore, the findings also showed that there is a gender gap in BMI levels, where females are likely to have higher BMI values than males.
Conclusions
The creation of more proactive recreational programs that can act as substitutes to television watching is recommended in order to reduce the amount of time that individuals spend watching television. It is also recommended that such interventions are tailored towards improving females' levels of physical activity. The inclusion of television programs aimed at encouraging physical exercise and healthy diets is also imperative. PLOS Introduction by using quantile regressions to assess the relationship throughout the distribution. Unlike previous studies, the study uses household health survey data for KSA-which is one of the countries experiencing a huge BMI transition.
The KSA provides an intuitive case for the current study, given that for a long period it has been a closed country whose health dynamics remain partially studied. In addition, existing evidence shows that there has been a huge rise in obesity in the KSA. By the year 2016, the prevalence of obesity was around 35% in the population of adults aged over 18. The prevalence of obesity was lower (17%) in adolescents (age 10-19 years) [29] . However, for such a young population, the prevalence still remains worrisome. Furthermore, the methods used in the study are different and quite rigorous given that the estimations go beyond the mean, to examine the outcomes across the distribution. Estimation beyond the mean is important for giving direction on specific points at which policies can focus [30-32].
Materials and methods

Data and sample
The study used data from the Saudi Health Interview Survey (SHIS). This was a national survey carried out collaboratively by the Saudi Ministry of Health, the Institute for Health Metrics and Evaluation (IHME), and the University of Washington. The SHIS collected data on health and demographic characteristics primarily to assess the prevalence of several chronic conditions and to identify their risk factors. A multistage stratified probability sample was employed by the SHIS to recruit the respondents. A total of 10,735 individuals aged over 15 were interviewed out of 12,000 households originally contacted, giving a response rate of about 90%. Detailed descriptions of the sampling methodology and data collection of the SHIS are available elsewhere [33, 34] . In this study, the analysis was restricted to only those variables with no missing observations among those who were randomly sampled to have their weight taken in the data; as such, a total of 7746 observations were analyzed.
Variables
Our outcome variable was BMI, which was computed from an anthropometry module that included data on weight and height, among others. BMI is calculated from the height and weight of an individual, that is to say, the ratio of the weight in kilograms divided by the square of the height in meters. All other covariates were based on previous empirical studies that have shown evidence of factors that can affect the BMI [22, 26, [35] [36] [37] [38] . In the analysis, we used the natural log of BMI.
The main independent variable was the number of hours spent watching television per week. This was captured as a continuous variable and entered into the equation as a natural log. Socioeconomic status is controlled by income. The SHIS collected the grouped monthly income (in Saudi Riyal (SR)), and this was grouped into six categories: less than 3000 SR; 3000 to less than 5000 SR; 5000 to less than 7000 SR; 7000 to less than 10,000 SR; 10,000 to less than 15,000 SR; and 15,000 SR or more. The income variables were entered as a binary taking a value of 1 if a condition held and zero otherwise. The group with less than 3000 SR was used as the reference category.
We also controlled for education using the following groups: below primary (reference), primary school, intermediate school, high school, and higher education. Similarly, the age variable was entered in groups: 15-24 (reference category), 25-34, 35-44, 45-54, and 55 or above.
Gender was coded as one if male and zero if female. Marital status was also captured as a binary, where a value of one was used if married and zero was used otherwise. We also controlled for the thirteen administrative regions, namely Almadina Almonawra, Albaha, Aljouf/ Quriat, Aseer/Bisha, Eastern Region, Haiel, Jazan, Najran, Northern Borders, Qaseem, Riyadh, Tabouk, and the Western Region.
Data analysis
In this study, the main econometric method used was the Quantile Regression (QR) method that was developed by Koenker and Bassett [39] . The QR framework enabled us to check whether the association of the covariates with BMI changed across the distribution of the BMI. Following Buchinsky [40] and Costa-Font, Fabbri, Gil [41], we let Q θ (w|X) for θ2(0,1) denote the θth conditional quantile of the distribution of (log) BMI(w) given a vector X of k covariates. Thus, the conditional quantiles were expressed as
where β(θ) is a vector of coefficients, namely, the QR coefficients and X 0 is a vector of coefficients. Using the linear programming method, Eq (1) was then estimated by minimizing the objective function in Eq (2) with respect to β:
Empirically, the minimized Eq in (2) can thus be expressed as
where θ is the quantile, and Q BMI,θ is the BMI of an individual i at that quantile. The variable TV i refers to the number of hours an individual spends on television; thus, β 1 shows the association of television viewing and BMI. The controls were captured by the vector X 0 i , and ε i captured the unobserved factor, which can also affect BMI. We used bootstrapping with 500 replications in order to have the appropriate number of standard errors [39] . We also carried out an ordinary least-squares (OLS) analysis to check the robustness of the results. All analyses were carried out using Stata/MP Version 15.1.
Ethical consideration
In this study, we have used records on age, weight, height, education, socioeconomic status, diet behaviour and watching of television. We did not use any information which involved the collection of human tissue. The study protocol was approved by the Saudi Ministry of Health and its Institutional Review Board (IRB). The participants consented and agreed to participate in the study. They were informed that participation is voluntary and they could stop at any time. Furthermore, they were also informed that the data would be used for the purpose of research at a future time point. After all the data was collected, it was then fully anonymised by the Ministry of Health before we accessed it. Thus, it is not possible to identify people using current data.
Results
The results start with the presentation of the descriptive statistics showing the social and demographic characteristics in Table 1 . At the time of the survey, the mean BMI was 28.51 (Kg/m 2 ), and minimum was 12 (Kg/m 2 ), whereas the maximum was 223 (Kg/m 2 ). On average, people spent about 25 hours per week watching television. Most of the respondents were married (67%), and 53% were males. The monthly income for around 72% of the respondents was less than 10,000 SR, while only 12% earned 15,000 SR or more. In terms of education, about 18% of the respondents were educated at below primary school level, while 26% of the respondents had completed college/university or a post-graduate degree. On average, the respondents ate red meat 3 days a week, whereas soda (including Coca-Cola, among others) was consumed 4 days per week. Table 2 shows the results of the OLS estimation of the association between the number of hours spent watching television and the BMI. In Table 2 , column (1) shows the coefficients from the OLS regression, and column (2) shows the 95% confidence intervals (CI). Given that BMI and television hours are all expressed in log values, this means that the results can then be interpreted as partially elastic [42, 43] . The television coefficient of 0.010 (p < 0.01), means Does prolonged television viewing affect Body Mass Index? A case of the Kingdom of Saudi Arabia that a 1% increase in the number of hours spent watching television is associated with a 0.01% increase in the BMI, holding all other things constant. Also of interest is the gender variable coefficient. The negative sign indicates that males are likely to have a lower BMI than females by at least 0.046 (p < 0.01). Furthermore, for all age groups, the BMI is higher than that of the reference category of people aged 24 years or below. Whilst the income variables suggest that BMI is significantly higher for those within the upper income categories than the people earning 3000 SR or less, there is no difference compared with individuals earning in the 7000 to less than 10,000 SR category. Given that the OLS cannot show heterogeneity across quantiles, we then carried out a quantile regression analysis. The next table (Table 3) shows the results for the quantile regression.
Our regression output was done for the 10 th percentile (Q10), 25 th percentile (Q25), median (Q50), 75 th percentile (Q75), and the 90 th percentile (Q90). Whilst the coefficient for the association of prolonged television watching and BMI is constant in the OLS models presented in Table 2 , the results in Table 3 show that it differs among the quantile regression models estimated. Thus, this supports the notion that mean based regression misses out some important information in the entire distribution of the variables of interest. The significance and size of the coefficients differ by the specific quantile observed. In the 25 th percentile, there is a strong relationship between the number of hours spent watching television and the BMI (0.006; p < 0.05). However, the association is reduced in the 50 th and 75 th percentiles and becomes significant again in the 90 th quantile (0.013; p < 0.05). As the case of the OLS, of interest is also the gender coefficient. It is shown that the gender differential in BMI increases with an increase in the quantile. However, it is consistently negative, indicating that males are likely to have lower BMI values throughout the distribution. Furthermore, BMI increases with an increase in age; it is much higher for people in higher age groups than for people in lower age groups, for all quantiles.
Since the QR coefficients in Table 3 only show the effect of the covariates at the selected quantiles, the QR coefficients were thus plotted across the whole distribution and are shown in Fig 1. The thick line shows a plot of the various point estimates at each of the quantiles, whereas the shaded line indicates the confidence intervals. As the figure shows, the coefficient of the association of prolonged television viewing and BMI is much higher below the 20 th percentile and above the 90 th percentile, suggesting that people with BMI values within those regions of the quantiles are highly affected.
Discussion
Using a nationally representative survey, this study is the first to investigate the association of prolonged television watching and BMI values in Saudi Arabia beyond the mean. The results show that most of the respondents had high BMI values with a mean of 28.5 (Kg/m 2 ) and a median of 27 (Kg/m 2 ). This implies that a large proportion of the population in the KSA is either overweight or obese. Although this is the case, the BMI values found in this study are much higher than those recorded for most of the countries in the Arab world and in the overall Asian region [44, 45] .
Based on the regression, the main findings are that whilst the OLS coefficients are constant across the BMI distribution, based on the QR, this coefficient size is higher towards the lower and upper tails of the BMI and insignificant in the middle of the BMI distribution (Q50 and Q75). This indicates that prolonged television watching has a greater positive association on individuals with very low BMI values and those with very high BMI values. In other words, prolonged television watching is likely to increase the BMI values of individuals who are obese faster than those with moderate BMI values. This poses a challenge as it is the individuals who have very high BMI values who are at higher risk of suffering from non-communicable diseases, such as cardiovascular diseases [46, 47] . However, the main message is that a positive relationship between the number of hours spent watching television and BMI still holds but is heterogenous across the distribution.
The study also found a significant association between gender and BMI. The results indicate that males are likely to have significantly lower BMI values across the distribution. This may perhaps be as a result of the differences in metabolic rates between males and females. Males have higher metabolic rates such that their bodies are better able to process and utilize the calories they consume leading to lower body mass values [48] . It is, therefore, imperative that ladies take more proactive steps to watch and regulate their caloric intake and do more physical exercise. This BMI gap warrants further investigation to understand the drivers of the observed difference.
The findings that a positive relationship exists between the number of hours spent watching television and BMI are consistent with several other studies that found that prolonged television watching led to higher BMI values [49] [50] [51] [52] . However, our results differ in the sense that the quantile regression showed no significant effect within the middle of the BMI quantile.
The positive relationship found between prolonged television watching and BMI may potentially be explained by several factors. First, the level of physical exercise seems to be lower Does prolonged television viewing affect Body Mass Index? A case of the Kingdom of Saudi Arabia among the Saudi population. As observed in the data, most people indicated that they do not partake in any physical exercise. This comes as no surprise given that there has been an increase in sedentary lifestyles and physical inactivity in the KSA in recent times [53] [54] [55] [56] [57] [58] . This can indeed be problematic, because physical exercise has been shown to lead to lower BMI values [59, 60] . Second, as indicated by previous researchers, longer time spent watching television is associated with increased calorie consumption while watching as a result of advertising and also a reduced resting metabolism [49, 61] . Moreover, the level of soda consumption was also reported to be higher, thereby suggesting that the dietary pattern in terms of soda consumption greatly contributes to the escalating BMI problem. This study is not without its limitations. The study shows that BMI is associated with prolonged television watching but does not take into account the problems that may arise due to self-selection into watching television. This may potentially cause endogeneity. As such, the interpretations should not be interpreted as causal [43, 62] . Second, there might be other factors beyond what we have controlled for which potentially influence the relationship of prolonged television watching and BMI. These limitations provide an avenue for further research into the relationship by taking into account the unobserved factors. 
Conclusions
This paper set out to understand the relationship between the number of hours spent watching television and BMI. BMI values were calculated as weight in kilograms divided by the square of height in meters. In order to assess the relationship across the whole distribution, the study used a continuous measure of BMI. The study used data from the SHIS, which collected data from a nationally representative sample of the KSA population and performed both descriptive and econometric analyses.
The findings suggest that watching too much television may be associated with having a large BMI. The findings also show that there is a gender gap in the BMI levels between males and females, where females have higher BMI values than males. Of interest, prolonged watching television has a much greater association at the lower and upper distribution levels of the BMI. Based on the findings, there are critical policy implications which can be suggested. There is a need to incorporate television programs to teach people about weight loss methods. This should not be exclusive to the homes only but should also include communal programs. It is also recommended that effort should be made to create recreational programs that act as alternatives to watching television so as to help the population reduce the amount of time spent watching television. Programs that require active participation would help to reduce BMI and hence levels of overweight as well as obesity. Furthermore, since BMI was found to be likely higher for females, gender specific interventions such as women sports days and females' sports clubs could help to reduce the BMI problem.
